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Photodamaged connective tissue in animal and human skin 
is characterized by excessive accumulations of elastic fibers, 
loss of mature collagen, concomittant overproduction of 
new collagen, and greatly increased levels of glycosami­
noglycans. Formerly considered irreversible changes, we 
recently showed in hairless mice, post irradiation, that a 
band of normal connective tissue was laid down subepi­
dermally. The present studies focused on 2 aspects of this 
repair: (1) whether repair would occur if animals were pro­
tected by sunscreens after dermal damage was induced and 
irradiation continued; (2) whether retinoic acid could en­
hance the repair process. To examine the first aspect, albino 
hairless mice were irradiated with Westinghouse FS 20 sun-
C hronic ultraviolet (UV) radiation is severely inju­rious to the connective tissue of human [1, 2] and animal skin [3,4]. Fibroblasts are stimulated to produce excessive quantities of thickened, twisted elastic fi­bers, which become ultrastructurally abnormal [5]. 
Mature collagen is degraded and lost [4,6] as reticulin fibers appear 
throughout the dermis [4,6] instead of being limited to the base­
ment membrane zones. Normally sparse, proteoglycans and gly­
cosaminoglycans (GAG) of the ground substance become greatly 
increased [4,7]. These changes make up the microscopic altera­
tions that underlie the visible aspects of photoaged skin. In hairless 
mice, it has been shown that sunscreens of high sun-protection 
factors (SPF) can prevent these changes if applied before each UV 
exposure [4]. It has been thought, however, that once connective 
tissue damage had accumulated, the process was irreversible. We 
observed evidence to the contrary in hairless mice irradiated for 
30 weeks and kept alive for another 15 weeks without exposure 
to UV radiation. Significant repair occurred during the post­
irradiation period. A band of new dermis formed in the subep­
idermal region that pushed downward the elastotic material 
produced during the previous 30 weeks of irradiation. In this zone 
of reconstruction, the collagen appeared normal, delicate elastic 
fibers were present, and ground substance was sparse. 
Normally, humans do not use sunscreens from the first UV 
exposure, nor do they abstain, totally, from sun exposure after 
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lamps thrice weekly for 30 weeks. Sunscreens of high sun­
protection factors were applied after 10 and 20 weeks. Not 
only was further damage prevented, but the damage in­
curred before sunscreen application was repaired. This ap­
peared as subepidermal reconstruction zones containing 
normal, mature collagen and a network of fine elastic fi­
bers. The second aspect was examined by applying 0.05% 
retinoic acid, topically, to animals preirradiated for 10 weeks. 
In contrast to controls treated with vehicle, the reconstruc­
tion zone was significantly wider in retinoic acid-treated 
mice. The enhanced repair was dose-related. ] Invest Der­
matal 88:12s-17s, 1987 
the first signs of photoaging. It was, therefore, of interest to 
determine whether the use of sunscreens, after some photodamage 
was present, could stop further damage from accumulating and 
allow repair despite continued irradiation. 
Additionally, the possibility of enhancing the repair process by 
pharmacologic means was considered. For a number of reasons, 
we thought retinoic acid (RA) might be an appropriate trial com­
pound. Although retinoids are known to inhibit the proliferation 
of many cells in culture [8, 9], fibroblast mitogenesis has been 
reported [10, 11]. It has also been reported that retinoids are ca­
pable of enhancing the repair of wounds [12], possibly through 
increased deposition of hydroxyproline in granulation tissue [13]. 
These aspects of the reversibility of photodamaged connective 
tissue were examined in the hairless mouse [14,15]. 
MATERIALS AND METHODS 
Animals Albino Skh:hairless-l female mice, 6-8 weeks old 
were obtained from the Skin and Cancer Hospital of Temple 
University Health Sciences Center, Philadelphia, Pennsylvania. 
Mice were individually housed and had free access to food and 
water. 
Irradiation Source A bank of 9 Westinghouse FS-20 sunlamps, 
emitting mainly UVB (290-320 nm), was used for both exper­
iments. Flux was measured weekly with an International Light 
700A Radiometer (Newburyport, Massachusetts). The lamps were 
placed 45 cm above the dorsa of the mice. 
Sunscreen Experiments Animals were irradiated 15. min a day, 
thrice weekly, for 30 weeks, accumulating a total UVB dose of 
�8 ]lcm2• Sunscreens of SPF 6 and 15 were applied to separate 
groups of animals after 10 and 20 weeks of irradiation. Animals 
with and without sunscreen protection were sacrificed after 10, 
20, 30, and 45 weeks. Strips of dorsal skin, 2 cm long, were excised 
and processed for light microscopy. In addition to hematoxylin 
and eosin (H&E) , the stains were: Luna's aldehyde fuchsin for 
0022-202X/87/S03.50 Copyright © 1 987 by The Society for Investigative Dermatology, Inc. 
12s 
VOL. 88, NO. 3 MARCH SUPPLEMENT 1987 
elastic fibers (16], Van Gieson's for collagen, and Mowry's col­
loidal iron for GAG. 
Retinoic Acid Experiments 65 mice were irradiated for 20 
min thrice weekly for 10 weeks, accumulating a total UVB dose 
of -3.5J/cm2• The dose and time schedule were designed to produce 
mild dermal connective tissue damage. Five animals were sacri­
ficed at the end of the 10-week irradiation period to establish a 
baseline of connective tissue damage. The remaining animals were 
divided, randomly, into the following postirradiation treatment 
groups. 
Experiment I: Agents were applied topically (50 J.LI) to the �ntire 
dorsum thrice weekly as follows: group 1, RA (all-trailS, 0. 05%) 
in a cream vehicle for 5 weeks; group 2, cream vehicle for 5 
weeks; group 3, RA for 10 weeks; group 4, vehicle for 10 weeks; 
group 5, petrolatum for 10 weeks; group 6, no treatment for 10 
weeks. 
Experiment II (dose/response): Different concentrations of RA in 
a cream vehicle or vehicle alone were applied, in a coded manner, 
5 times weekly for 10 weeks as follows: group 1, RA (0. 05%); 
group 2, RA (0. 025% ); group 3, RA (0. 01%); group 4, RA 
(0. 005%); group 5, vehicle control. Untreated controls were from 
experiment I. 
Histology Dorsal skin biopsies, 2 cm in length, were processed 
for light microscopy and stained with H&E, Luna's aldehyde 
fuchsin, Van Gieson's, and Mowry's. 
The reconstruction zone is defined as a subepidermal region of 
new collagen delimited below by a band of compressed elastotic 
material. The depth of the zone was measured with an American 
Optical eyepiece micrometer fitted to a microscope. Measure­
ments were made in 14 contiguous fields at 20 X magnification. 
Electron Microscopy Specimens were fixed for 2 h at 24°C 
in 2% paraformaldehyde with 2. 5% glutaraldehyde in 0. 1 M cac­
odylate-HCI, buffered at pH 7. 4. Postfixation was for 1 h in 1 % 
osmium tetroxide. After dehydration and embedding in Epon 
812, sections were stained with saturated uranyl acetate and then 
examined in a Hitachi HU-12A electron microscope. 
Figure 1. Elastosis produced by 30 weeks 
of irradiation without sunscreen protec­
tion (x 390). 
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RESULTS 
Sunscreen Experiments Control animals irradiated for the full 
30 weeks without sunscreen protection sustained severe connec­
tive tissue damage, which included extensive elastosis (Fig 1), 
damage to mature collagen in broad regions throughout the upper 
half of the dermis, and greatly increased amounts of GAG 
visualized as blue-staining material in these same regions. 
Animals protected with the SPF 15 sunscreen had only the 
degree of damage that reflected the amount of irradiation before 
sunscreens were applied. For example, mice protected for the 
final 20 weeks of irradiation showed connective tissue changes 
similar to controls sacrificed after 10 weeks of irradiation. This 
consisted of mild elastic fiber hyperplasia (Fig 2), and moderately 
increased GAG. The small amount of focal collagen damage ob­
served in 10-week controls was not present at week 30 in the 
protected animals. As judged by affinity for Van Gieson's stain, 
repair had occurred. 
Unprotected controls irradiated for 20 weeks developed a more 
severe elastic fiber hyperplasia, bordering on elastosis. Collagen 
damage, in addition to being focal, also occurred in broad regions 
of the upper dermis, while GAGs appeared maximally increased. 
Experimental animals irradiated for 20 weeks without protection, 
but protected during the final 10 weeks showed a distinct recon­
struction zone in the subepidermal dermis (Fig 3). This consisted 
of parallel depositions of new collagen, which stained normally 
with Van Gieson's. The lower border was delineated by com­
pressed elastic fibers, pushed downward by the expanding zone. 
GAG levels remained high at week 30, returning to normal by 
the end of the 45-week experiment. 
These experiments demonstrated that sunscreens could prevent 
further damage to previously photodamaged connective tissue 
and would allow repair to occur even in the face of continuing 
UV exposure. In general, earlier application and higher SPF pro­
vided the greatest degree of protection against photoaging. 
Retinoic Acid Experiments Connective tissue damage ac­
cumulated during the 10-week irradiation period consisted of mild 
clastic fiber hyperplasia with a modest thickening of the fibers. 
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With Van Gieson's stain collagen damage appeared as small, scat­
tered, weakly stained areas in the upper dermis. 
Experiment I, Histology: In the 10-week post-UV treatment with 
0. 05% RA, wide regions of new collagen were produced, uni­
formly, across the subepidermal dermis (Fig 4). Attaining a depth 
of over 100 p.m (Table I), these regions were significantly wider 
than those of controls (p < 0.01). The new collagen bundles were 
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Figure 2. Mild elastic fiber hyperplasia. 
Prevention of elastosis with sunscreen 
protection during final 20 weeks of the 30-
week irradiation schedule (x 390). 
laid down in dense parallel arrays and stained as normal, mature 
collagen with Van Gieson's. New fine elastic fibers were present, 
in contrast to the band of compressed elastotic fibers that delin­
eated the lower border of the region. Fibroblasts were conspic­
uously increased in the new connective tissue matrix. Treatment 
for 5 weeks produced similar histologic changes, but the recon­
struction zone was approximately 25% narrower (Table I). 
Vehicle controls (Table I), as well as petrolatum or no-treat-
Figure 3. Repair zone of new, elastic-free, 
subepidermal collagen produced with 
sunscreen protection during final! 0 weeks 
of the 30-week irradiation schedule. Note 
elastic fibers at lower border (-+) (x 390). 
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Figure 4. Retinoic acid-induced repair 
zone. Note increased width of zone with 
many enlarged fibroblasts and compressed 
elastosis below (X 390). 
ment controls produced equivalent results. The reconstruction 
zones at both time periods were significantly narrower than those 
of RA-treated animals, were often not continuous across the spec­
imen, and were considerably less cellular. 
Ultrastructure: Normal hairless mouse upper dermis (age 15-30 
weeks) had a plywood-like arrangement of collagen bundles aligned 
parallel to the dermal/epidermal (DIE) junction (Fig 5). Bundle 
Figure 5. Normal mouse dermis. Col­
lagen bundles have discrete boundaries and 
are arranged parallel to the DIE junction 
(-+) . Individual fibers have relatively uni­
form diameters and ground substance is 
sparse (*). Note structurally inactive state 
of fibroblast (X 16,800; bar = 1 IoLm). 
TISSUE PHOTODAMAGE 15s 
outlines were well defined and consisted of fibers with relatively 
uniform diameters (700-1200 A). Fibroblasts appeared quiescent, 
with reduced cytoplasm containing small amounts of rough en­
doplasmic reticulum (RER). 
In contrast, the upper dermis of animals irradiated for 10 weeks 
showed collagen bundles in disarray (Fig 6). Fibers had a wide 
range of diameters (260-1 200 A) and often had irregular outlines. 
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Table I. Reconstruction Zone Measurements 
as a Function of Time 
Treatment 
Compound Time (weeks) Mean Depth (JLm) 
RA 5 88.7 ± 17.3" 
Vehicle 5 48. 3 ± 11. 9 
RA 10 117.0 ± 27.1" 
Vehicle 10 67.2 ± 17.3 
'Significantly greater than controls (P < 0.01). Statistical analysis with Duncan's 
Multiple Range Test. 
Electron-lucent ground substance was increased. With widely 
dilated RER, fibroblasts were in a configuration characteristic of 
active synthesis. 
Ultrastructurally, the reconstruction zone, whether produced 
in the presence or absence of RA, resembled normal unirradiated 
tissue. Although somewhat less well defined than normal, col­
lagen bundles were oriented parallel to the DIE junction. Fiber 
diameters were more uniform than immediately after UV irra­
diation (800-1300 A), and had normal longitudinal periodicity 
(-600 A). The numerous fibroblasts in the RA reconstruction 
zone had enormously expanded cytoplasm and appeared syn­
thetically more active than those in UV-irradiated tissue (Fig 7). 
Experiment II, Dose/Response: The depth of the reconstruction 
zone was modestly proportional to RA concentration (Table II). 
Even the relatively narrow zone produced by 0. 01 % RA was 
significantly wider than that of controls (p < 0. 05). Higher con­
centrations showed greater significance (p < 0. 01). An additional 
characteristic of RA treatment was the induction of a measurable 
reconstruction zone in a larger portion of each specimen (92-100%) 
compared with controls (52-60% ). 
DISCUSSION 
Because most early studies of human actinic damage involved 
skin obtained from elderly individuals with end-stage photoag­
ing, it was believed that atrophy and irreversibility were the rule. 
To the contrary, our findings indicate that hypertrophy of the 
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dermal components is characteristic during periods of active UV 
exposure [17). UV -irradiated fibroblasts are in a state of high 
metabolic activity [4]. Copious amounts of elastic fibers, GAG, 
and new collagen are synthesized. Repair and destruction appear 
to go on simultaneously under continued assault by UV radiation. 
The balance is shifted toward repair when the radiation stress is 
relieved. Stopping the bombardment of photons, either by avoid­
ance of UV exposure or protecting with broad-spectrum, high­
SPF sunscreens allows reconstruction, in the form of a new layer 
of dermis, to occur. 
Enhancement of the reconstruction by RA was surprising at 
first. Reports of the cytostatic properties of RA in vitro far out­
weigh those describing mitogenesis. Furthermore, retinoids are 
not generally reported to increase collagen synthesis in vitro. In 
fact, inhibition has been found with neonatal [18] and keloid 
fibroblasts [19]. Conflicting reports are common in the retinoid 
literature, because variables such as the source of the fibroblasts 
and retinoid dose [20, 21] can greatly influence results. In vivo 
studies on the effect of retinoids on dermal connective tissue are 
sparse, but suggest stimulation of collagen synthesis [12, 13, 22]. 
Until the complete mechanism of retinoid action is unraveled, it 
is difficult to explain the differences between in vitro and in vivo 
observations. Nonetheless, fibroblasts in the RA-augmented re­
construction zone were more numerous than in controls and ap­
peared to be in a state of high metabolic activity [15]. Unlike 
heavily irradiated fibroblasts, which produced reticulin through­
out the dermis [4], those in the reconstruction zone did so only 
in the uppermost portion [15]. This is precisely where Fleisch­
majer et al [23] located, with fluorescent antibodies, procollagen 
I in normal human skin. In addition to stimulation of collagen 
synthesis, RA inhibition of collagenase may contribute to the 
enhanced repair. This has been reported in synovial tissue [24] 
and in human skin fibroblasts [25]. 
The enhanced repair appears to be retinoid-specific and not a 
function of an irritant effect. Several substances (salicylic acid, 
croton oil, propylene glycol, hyamine, and sodium dodecyl sul­
fate) were tested at concentrations that were grossly and micro­
scopically irritating to UV-irradiated mouse skin. In no case was 
repair greater than would be expected from cessation ofUV alone. 
Although the histologic restoration of the upper dermis was 
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Figure 6. Mouse dermis after 10 weeks 
of UV radiation. Collagen bundle archi­
tecture is disrupted and dectron-Iucent 
ground substance is increased (*). Fiber 
diameters are variable. DIE junction (-» 
(x 16,800; bar = 1 JLm) . 
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Figure 7. Fibroblast from retinoic 
acid-induced repair zone with greatly ex­
panded cytoplasm containing copious 
amounts of rough endoplasmic reticulum. 
DIE junction (�) (x 8,000; bar = l/-tm). 
. ' . 
,-
Table II. Effect of Retinoic Acid Concentration on 
Reconstruction Zone Measurements 
Treatment 
0.050% RA 
0.025% RA 
0.010% RA 
0.005% RA 
Vehicle 
Untreated 
Mean Depth (/-tm)" 
86. 5 ± 31.9' 
80.4 ± 29.3' 
63.3 ± 27.8" 
73.5 ± 21.8' 
46.5 ± 20. 8 
35.6 ± 14.6 
'Mean thickness determined on basis of nonzero measurements_ 
158/168 
163/168 
154/168 
168/168 
1001168 
44/84 
'NZ/T = (nonzero measurements)/(total number of measurements). 
'Significantly greater than controls (p < 0.01). Statistical analysis with Duncan's 
Multiple Range Test. 
'Significantly greater than controls (p < 0.05). 
impressive in both the sunscreen and RA studies, it was difficult 
to assess clinical improvement in these thin-skinned animals with 
no wrinkles or skin markings analogous to those in humans. 
However, analogous reconstruction zones have been observed in 
biopsies from human "former sunworshipers" who later avoided 
sun exposure for a decade or more [17]. It is therefore likely that 
the halting of further dermal damage and the enhanced formation 
of an overlying band of new, apparently normal connective tissue 
would be a desirable outcome for human photoaged skiil. 
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